The low exhaust gas temperature of vehicles in the urban driving cycle is a major cause of 13 air pollution in the Seoul Metropolitan Area, due to the common stop-and-go driving style. 14 We herein investigated the emission characteristics of regulated (NOx, PM, CO, nonmethane 15 hydrocarbons (NMHC)) and unregulated (volatile organic compounds (VOCs), aldehydes, 16 polycyclic aromatic hydrocarbons (PAHs)) air pollutants for heavy duty diesel trucks and 17 buses equipped with different after-treatment systems (diesel particulate filter (DPF)+exhaust 18 gas recirculation (EGR) and selective catalytic reduction (SCR)) under urban driving cycle. 19 The NOx emissions depended on the combustion and working temperatures of the SCR 20 catalysts, and the PM emissions were found to be low. Alkane groups dominated the 21 nonmethane volatile organic compounds (NMVOCs) emissions, with 43-59% of these 22 emissions resulting from the low efficiency of the oxidation catalyst toward alkane emissions.
INTRODUCTION
increased sharply in recent years, causing traffic congestion, low vehicle speeds, longer travel
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6 trap at -15 °C, the VOCs were condensed, and moisture was removed using a Nafion dryer. 120 Gas chromatography/mass spectrometry (GC/MS) was used to analyze sampled gas (see 121   Table 5 for details regarding the pretreatment and analytical conditions). VOCs standard gas 122 (56 Components, Supelco Inc.) was analyzed to calibrate the sampled gas.
123
The 2,4-dinitrophenylhydrazine (DNPH) method was used to analyze all aldehyde 124 components. After passing the diluted exhaust gas through the DNPH cartridge (Waters), 125 ultra-performance liquid chromatography (UPLC) was used to analyze the concentrated 126 acetonitrile-containing solution (for analytical conditions, see Table 6 ). Aldehyde standard 127 solution consisting of 13 components (Carbonyl-DNPH Mix 1, Supelco Inc.) was analyzed to 128 calibrate the concentrated sample.
129
The PAHs were collected in quartz filters that had been placed in an 11mL extraction cell 
134
The values of repeatability, linearity, zero drift and span drift for the exhaust gas analyzer 135 were 0.1, 1.8, 0, and 2% for CO, 0.1, 1.5, 0, and 0.3% for CO 2 , 0.2, -1.4, 0%, and 0.1% for 136 THC, and 0.3, -1.7, 0, and 0.3% for NOx, respectively. VOCs, aldehydes (Carbonyl-DNPH), 137 and PAHs standards were used for calibration, and the calibration curves were calculated for 138 a minimum of five standard concentrations. The blanks values were subtracted from the 139 sample values with respect to the VOCs, aldehydes and PAHs. Linearity was confirmed by R 2 140 values of 0.993-0.998 for the calibration curves. In addition, the method detection limit 141 (MDL), precision and accuracy were within the ranges of 0.06-0.65 ppb, 1.0-13.4%, and
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7 within the accepted ranges of the Korean quality control standards. that it is highly dependent on the EGR mass flow rate with respect to EGR valve operation.
182
Accordingly, the EGR operation may lower the NOx emissions from DPF+EGR-equipped 183 bus compared to SCR-equipped bus. Furthermore, for these cases, there were noticeable 184 differences in the NOx emissions between the two start conditions. These differences can be 185 attributed to the EGR and the chemical reaction in the SCR system. For the hot start 186 condition, it is important to note the difference in NOx emissions between the DPF+EGR and 187 SCR systems.
188
The overall PM emissions results are presented in Fig. 2(b) . For the trucks, the test values 189 ranged from 0.0022 to 0.0023 g/km for the cold start condition and from 0 to 0.0005 g/km for result reveals that both the start conditions and the after-treatment systems can influence the
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10 emissions were lower in cruise mode than in creep mode, reporting CO emissions of 0.04 and 218 3.13 g/km, respectively, in addition to NMHC emissions of 0.006 and 0.28 g/km, respectively.
219
Furthermore, Alves et al. (2015) noted that CO and HC emissions under cold start conditions 220 were higher than those under hot start condition for in-use vehicles on chassis dynamometer 221 urban cycles. The literature further reveals that CO forms due to incomplete combustion, and 222 that NMHC is formed due to the evaporation of fuel and the chemical reaction of unburned 223 HCs in the exhaust (Heywood, 1988; Kennedy et al., 2015) . In particular, Mollenhauer et al.
224
(2007) reported that NMHC forms in the zone of lean air-fuel mixture and excess fuel under while the hot combustion temperature influenced the NMHC reduction. Furthermore, the cold 232 start condition resulted in higher CO emissions than the hot start condition. In contrast, the 233 NMHC emissions from the DPF+EGR-equipped truck and bus under the hot start condition 234 were higher than those under the cold start condition, whereas the NMHC emissions from the 235 SCR-equipped truck and bus under the cold start condition were higher than those recorded 236 under the hot start condition. These findings can be attributed to lack of heat from the 237 cylinder walls under the cold condition, as this heat is required to evaporate the fuel and the 238 fuel-rich mixtures. 
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12 although n-heptane, n-decane, dodecane, and n-octane were also present. In the case of the buses, 267 3.91-4.73 mg/km of n-nonane, 3.1 mg/km of dodecane, and 1.7-2.27mg/km of n-decane were the 268 major components obtained from the DPF+EGR system, while 5.78-6.66 mg/km of propylene 269 and 2.93-3.4 mg/km of benzene were the main constituents in the SCR system. These results in the buses, respectively. It was also reported that the main PAH components emitted from
13 heavy duty diesel vehicles were naphthalene (25.2 ± 20.8%), pyrene (24.5 ± 11.7%), and 292 phenanthrene (16.3 ± 7.4%) (Shah et al., 2005) . In addition, the amounts of naphthalene and 293 phenanthrene from the DPF+EGR-equipped truck decreased with higher start temperatures, 294 whereas the SCR-equipped vehicles showed similar values under both the cold and hot start 295 conditions. In the case of the buses, the emission of naphthalene and phenanthrene also 296 decreased with higher start temperatures, with virtually no naphthalene being detected under 297 hot start conditions. Furthermore, phenanthrene was barely detected under either start vehicles efficiently abated more than 90% of the total PAHs. Furthermore, Nelson et al.
302
(2008) showed that PAH emissions were lowered where high-quality fuels were employed. It 303 was therefore apparent that the fuels employed in this study satisfied the high-quality diesel 304 fuel standards in terms of the ultra-low sulfur, PAHs, lubrication, and aromatic compounds, 305 as listed in Table 2 . found that the composition ratios of the various unregulated pollutants exhibited differences 320 with respect to the vehicle type, the engine start conditions, and the after-treatment system. and SCR) to meet Euro 5 emission standards. Furthermore, differences in the emissions of 336 heavy duty diesel vehicles with respect to two driving cycles under cold and hot start 337 conditions were characterized using identical vehicles. We found that NOx emissions were 338 similar for vehicles equipped with two different after-treatment systems (DPF+EGR and
306
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15 SCR) due to the low exhaust gas temperature. Moreover, the PM emissions from trucks and 340 buses were close to zero under both cold and hot start conditions. In the case of the NMVOCs, 341 the alkanes emissions were higher than those of the alkenes, cycloalkanes, and aromatics for 
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